ABSTRACT The western ßower thrips, Frankliniella occidentalis (Pergande); ßower thrips, Frankliniella tritici (Fitch); and tobacco thrips, Frankliniella fusca (Hinds), are abundant, polyphagous species in the southern United States. Paspalum notatum Flugge and Paspalum distichum L. (Poales: Poaceae) are low-maintenance, warm-climate, tolerant grasses that are used for pasture and residential lawns and along roadsides. The potential of P. notatum and P. distichum to serve as sources of the common polyphagous Frankliniella thrips in the southeastern United States was evaluated. The abilities of F. fusca, F. occidentalis, and F. tritici to survive and reproduce on vegetative-stage P. distichum, P. notatum ÔArgentineÕ, P. notatum ÔPensacolaÕ, and P. notatum ÔTifton 9Ј were compared in laboratory no-choice tests. Survival of the adults of each thrips species was Ϸ20% after 12 d on each of the Paspalum treatments. No progeny were produced by F. occidentalis on the U.S. native P. distichum, and the other thrips species produced very few progeny on this host. The number of progeny of each thrips was very low on all P. notatum cultivars. A Þeld survey of the Thysanoptera associated with P. notatum Argentine also was conducted to determine whether the Frankliniella thrips were feeding or reproducing under Þeld conditions. A few male and female adults of F. tritici and F. fusca were noted in the racemes, but larval populations were not observed. Reproducing populations of Caprithrips insularis Beshear and Haplothrips graminis Hood were present in the stems and leaves, and the racemes, respectively. Collectively, the laboratory and Þeld studies revealed that the tested P. notatum cultivars and P. distichum accession are poor hosts for reproduction of the Frankliniella thrips in the southern United States and that the large plantings of these grasses are not serving as sources of pest Frankliniella thrips.
Understanding the population dynamics of a pest is of fundamental importance to the management of crop infestations. Some species of thrips, primarily Frankliniella species, cause economic damage to crops by feeding and oviposition. Noncrop plant hosts can serve as reservoirs and sources of pest populations of thrips, which makes studies of pest population dynamics in such unsuspected hosts vitally important. Paini et al. (2007) noted that many researchers have identiÞed the location of adult thrips on noncrop host plants but that very few have made a distinction between host plant species in which both the adults and larvae are found.
Flower thrips in the genus Frankliniella are phytophagous, opportunistic species capable of succeeding in habitats in which optimal conditions may be brief (Mound and Teulon 1995) . Species are r-selected, with population attributes that generally include vagility, a short generation time, polyphagy, and parthenogenesis. Although the nutritional components in pollen enhance reproduction and growth, adults can inhabit the ßowers of many plant species without using them as reproductive hosts. Teulon and Penman (1990) conducted an extensive study of the larval hosts of Thrips obscuratus (Crawford), and Paini et al. (2007) and Ripa et al. (2009) observed that the range of adult feeding hosts for Frankliniella species is much broader than the range of reproductive hosts, emphasizing the need to distinguish between feeding and reproductive host associations to understand ecology and population dynamics. However, the range of plant species serving as reproductive hosts is poorly known for most thrips species because of the difÞcul-ties of larval identiÞcation.
The adults and larvae of most Frankliniella species are highly anthophilic, inhabiting the ßowers but not other plant parts of most hosts (Paini et al. 2007 , Ripa et al. 2009 ). The terminal buds of some plant taxa, especially the members of Fabaceae, are suitable habitat for oviposition and larval development. Populations of western ßower thrips, Frankliniella occidentalis (Pergande), have been reported to aggregate in the terminal buds of Medicago sativa L. instead of the leaves when the host was not ßowering (Ripa et al. 2009 ). The order of preference for aggregation was: ßowers, followed by the terminal buds, followed by the leaves when the host was ßowering. Larvae in the terminal buds were 1.3Ð2.3 times more abundant, on average, on dates when M. sativa was ßowering. The terminal buds of Arachis hypogaea L. are the preferred habitat for the larvae of tobacco thrips, Frankliniella fusca (Hinds), during the vegetative and reproductive stages of plant growth (Funderburk et al. 2002) , and the terminal buds of Vicia villosa Roth were reported as habitat for the larvae of F. occidentalis during the winter and spring before the ßowering of the host plant (Toapanta et al. 1996) .
Noncrop reservoirs of thrips might include plants in natural areas, roadside ditches, crop-Þeld borders, or landscaped areas. Species of Caliothrips, Caprithrips, Anaphothrips, Aptinothrips, Bregmatothrips, and Antillothrips were observed feeding and reproducing on the leaves of grasses in the family Poaceae (ϭGramineae) (Mound and Marullo 1996) . In addition, members of Arorathrips, Chirothrips, Haplothrips, and Plesiothrips fed and bred in the Poaceae ßorets but were not pollen feeders. Frankliniella spp. were shown to feed and reproduce on Zea mays L., whereas Frankliniella brevicaulis Hood preferred ßowers and corn thrips, Frankliniella williamsi Hood, preferred the leaves. Although Secale cereale L. and Triticum aestivum L. were reported as reproductive hosts for F. fusca (Paini et al. 2007 , Toapanta et al. 1996 , grasses, otherwise, have rarely been reported as reproductive hosts for the more typical polyphagous species of Frankliniella.
Paspalum notatum Flugge, commonly called Bahia, is a low-maintenance, warm-climate, tolerant grass native to Argentina that is used in the southern United States for cattle pastures, residential lawns, and along roadsides. Several selections have been developed for agricultural use, including ÔArgentineÕ, ÔPensacolaÕ, and ÔTifton 9Ј. The Pensacola selection was developed from an accidental invasion found growing wild in Florida. Tifton 9 is an improved Pensacola selection (Chambliss 2003) . There are Ͼ1 million ha of Pensacola cattle pasture grown in Florida, with an additional 1.3 million ha along roadsides. Although not used as widely for agricultural purposes, the U.S. native Paspalum distichum L., or knotgrass, is a warmseason grass sometimes used for cattle pastures, golf course turf, and lawns (Wunderlin and Hansen 2008) . The species is also used for rehabilitation and restoration of disturbed wetlands, marshes, beaches, and stream banks (Jenkins et al. 2004) .
We tested two noncrop grasses, including several cultivars of one species commonly used for agricultural purposes, to assess host associations of Thysanoptera. The suitability of P. notatum cultivars and P. distichum to serve as sources of the common polyphagous Frankliniella thrips in the southeastern United States was evaluated. The abilities of F. fusca, F. occidentalis, and ßower thrips, Frankliniella tritici (Fitch), to survive and reproduce on P. distichum, P. notatum Argentine, P. notatum Pensacola, and P. notatum Tifton 9 were compared in laboratory no-choice tests. A Þeld survey of the Thysanoptera associated with P. notatum Argentine was also conducted in northern Florida to determine whether Frankliniella thrips as well as thrips species in other genera were feeding or reproducing on P. notatum Argentine under Þeld conditions.
Materials and Methods
No-Choice Experiment. The ability of F. occidentalis, F. tritici, and F. fusca to reproduce on Paspalum was evaluated in the laboratory using methods adapted from Avila et al. (2006) and Reitz et al. (2006) . Rugman-Jones et al. (2010) found that two cryptic species of F. occidentalis occur in California and in other parts of the world where they are invasive. Our thrips population was evaluated in the above-mentioned study, and they reported it as the "greenhouse" species. Treatments were a factorial arrangement of four plant taxa (P. distichum, P. notatum Argentine, P. notatum Pensacola, and P. notatum Tifton 9) and three species of thrips (F. occidentalis, F. tritici, and F. fusca). Plants were established and maintained in the greenhouse in 16-by 16-cm containers with soil-less mix (Fafard 3B Mix, Agawam, MA) and were fertilized with Peat-Lite special 15Ð16-17 fertilizer (Scots-Sierra Horticultural Products Company, Marysville, OH) and watered as needed. Uniform, 12-wk-old plants were transferred to an incubator, and each was covered with a 15-cmdiameter-by 36-cm-high Plexiglas cylinder. Screening covered the top and the two 1-cm-diameter ventilation holes of each cage to prevent the escape of thrips. Each of the 12 treatments was replicated Þve times in a completely random experimental design. Five 1-dold female thrips of unknown mating status (each species can reproduce through parthenogenesis) from laboratory colonies were added to each cage. These females were obtained from laboratory colonies that were maintained on common bean, Phaseolus vulgaris (L.), pods as a food and oviposition substrate. The bean pods were lightly streaked with honey, and bee pollen was added to colony containers as a dietary supplement . The laboratory colonies were established Ϸ1 mo before the experiments from thrips of each species collected from cultivated and uncultivated host plants in Gadsden County, FL. Each of the species is parthenogenic with unmated females producing males and the mated females producing females. The no-choice experiment was conducted at 25Ð28ЊC and under a photoperiod of 16:8 (L:D) h. There is a 2-d preoviposition period for these thrips species, and each develops from egg to adult in Ϸ12 d (Lowry et al. 1992 , Reitz 2008 . Therefore, each cage was destructively sampled after 12 d, and the number of adult and larval thrips was determined. The stems and leaves were transferred to a drying oven at 40ЊC for 1 wk and weighed. The number of adult thrips, the number of larval thrips, and plant biomass after 12 d in each treatment was compared using analysis of variance (ANOVA) for a completely randomized experimental design, with the treatment sum of squares partitioned into orthogonal treatment comparisons of the main and interactive effects of thrips species and species/cultivars of Paspalum (PROC GLM option, SAS Institute, 2008).
Field Survey. Two Þelds of P. notatum Argentine located at the North Florida Research and Education Center in Quincy (Gadsden Co.), FL, were sampled for thrips on 11 dates from 8 February 2006 to 11 January 2007. Both Þelds were mowed approximately every month from May to October. On each sample date, 10 random samples of three stems (clipped just above ground level and including the leaves) taken from a 2-ha area of each Þeld were placed in 100-ml vials containing 70% ethyl alcohol. Similarly, 10 random samples of three dual racemes were collected on the three dates when the Þelds were ßowering. Flowering typically is suppressed by mowing but does occur occasionally between mowings. Flowering may provide an opportunity for the thrips to feed and reproduce. The plant samples were immediately processed on each sample date. On dates when thrips larvae were present, we returned to the Þeld and collected until Þve to 10 live larvae were captured. These were allowed to feed and complete development to adult on P. notatum Argentine leaves in the laboratory at 25Ð28ЊC when the adult thrips were identiÞed to species using appropriate keys. (Table 1) . Number of surviving adults were similar among treatments (F ϭ 1.4; df ϭ 11, 48; P ϭ 0.18).
Voucher Specimens. Vouchers of Caprithrips insularis
Each of the Frankliniella species was fertile on each of the three cultivars of P. notatum (Table 1 ). The number of larvae was usually less, on average, after 12 d than the number of adult females (i.e., Þve) originally introduced into each cage. The numbers of larval F. tritici and F. fusca on P. distichum were very low, and there were no larvae of F. occidentalis after 12 d on this host. Orthogonal comparisons were used to determine the main and interactive effects of thrips species and Paspalum species/cultivars on larval numbers, because the main effect of treatment in the ANOVA was signiÞcant (F ϭ 2.1; df ϭ 11, 48; P ϭ 0.04).
The average number of larvae per plant after 12 d for data pooled across Paspalum treatments was 2.9, 1.2, and 4.4 for F. occidentalis, F. tritici, and F. fusca, respectively (Table 1 ). The comparison of F. tritici versus the other two species was not signiÞcant at the 0.05 level (F ϭ 3.3; df ϭ 1, 48; P ϭ 0.07). There was no difference in the number of larvae of F. fusca and F. occidentalis (F ϭ 1.3; df ϭ 1, 48; P ϭ 0.27).
The average number of larvae per plant after 12 d for data pooled across thrips species was 0.5, 3.7, 4.9, and 2.2 for P. distichum, P. notatum Argentine, P. notatum Pensacola, and P. notatum Tifton 9, respectively ( Table 1 ). The thrips produced fewer larvae on P. distichum than the three cultivars of P. notatum (F ϭ 4.5; df ϭ 1, 48; P ϭ 0.04). The two remaining orthogonal comparisons of the number of larvae surviving after 12 d among the three cultivars of P. notatum were not signiÞcant (F ϭ 2.5 and 0.5; df ϭ 1, 48; P ϭ 0.12 and 0.49).
There were two signiÞcant interactions among thrips species and among cultivars of P. notatum (Table 1). F. tritici produced more larvae and F. occidentalis and F. fusca produced fewer larvae on the P. notatum Tifton 9 than on the cultivars Argentine and Pensacola (F ϭ 4.7; df ϭ 1, 48; P ϭ 0.03). F. occidentalis produced more larvae and F. fusca produced fewer larvae on the P. notatum Argentine than on the Pensacola (F ϭ 4.0; df ϭ 1, 48; P ϭ 0.05). The four remaining orthogonal comparisons of the interactions of treatments of thrips species and treatments of species/ cultivars of Paspalum were not signiÞcant (F ϭ 0.7, 0.7, 0.0, and 0.3; df ϭ 1, 48; P ϭ 0.41, 0.41, 0.92, and 0.58, respectively).
The average biomass per plant after 12 d for data pooled across thrips species was 3.6, 2.3, 4.2, and 2.3 g for P. distichum, P. notatum Argentine, P. notatum Pensacola, and P. notatum Tifton 9, respectively (Table 2). Orthogonal comparisons were used to determine the main and interactive effects of thrips species and Paspalum species/cultivars on plant biomass, be- cause the main effect of treatment in the ANOVA was signiÞcant (F ϭ 15.3; df ϭ 11, 48; P Ͻ 0.0001). Biomass was greater for P. distichum and P. notatum Pensacola than for P. notatum Argentine and P. notatum Tifton 9 (F ϭ 14.1; df ϭ 1, 48; P Ͻ 0.0005). Mean biomass was similar between P. distichum and P. notatum Pensacola (F ϭ 1.0; df ϭ 1, 48; P ϭ 0.32) and also between P. notatum Argentine and P. notatum Tifton 9 (F ϭ 0.0; df ϭ 1, 48; P ϭ 0.98).
The average biomass after 12 d for data pooled across Paspalum treatments was 1.8, 6.5, and 1.0 g for F. occidentalis, F. tritici, and F. fusca, respectively (Table 2). The comparison of F. tritici versus the other two species was signiÞcant (F ϭ 135.6; df ϭ 1, 48; P Ͻ 0.0001). There was no difference between Paspalum treatments of F. fusca and F. occidentalis (F ϭ 1.9; df ϭ 1, 48; P ϭ 0.17).
There was a signiÞcant interaction in plant biomass among thrips species and Paspalum treatments. Paspalum distichum and P. notatum Pensacola had more biomass compared with P. notatum Argentine and P. notatum Tifton 9 for treatments of F. tritici than treatments of F. occidentalis and F. fusca. This interaction reßected the much greater overall biomass for F. tritici treatments and for P. distichum and P. notatum Pensacola treatments. It did not, however, reßect an opposite response in growth for different Paspalum treatments among F. tritici and the other thrips species. None of the Þve remaining orthogonal comparisons of the interactions of treatments of thrips species and treatments of species/cultivars of Paspalum were signiÞcant (F ϭ 1.6, 1.0, 0.6, 1.0 and 0.2; df ϭ 1, 48; P ϭ 0.21, 0.33, 0.43 0.31, and 0.67, respectively).
Field Survey. Table 3 lists the number of thrips of four species collected from the stems and racemes of P. notatum Argentine. Means and SEs are not reported as the densities were very low. The adult males and females of F. tritici were collected on the June and August sample dates from both the stems and racemes, and the adult males and females of F. fusca were collected on the April, June, and August sample dates from both the stems and racemes. No adults of F. occidentalis were collected, nor were the larvae of any Frankliniella spp. collected on any sample date. The most common species collected was C. insularis whose adults and larvae were collected from only the stems on the June, August, September, and November sample dates. Overall, the number of larvae of C. insularis was 1.4 times the number of female adults. Only one male was collected during the duration of this experiment. However, the adults and larvae of Haplothrips graminis Hood were collected from only the racemes on the June and August sample dates. Overall, the adults and larvae of this species were collected in about equal numbers, although the densities were very low. Two other species of thrips were collected including a female Plesiothrips perplexus (Beach) from a stem on the November sample date and a female Bolacothrips striatopennatus (Schmutz) from a stem on the September sample date.
Discussion
Survival of F. occidentalis, F. tritici, and F. fusca adults after 12 d was very low on P. distichum and P. notatum (Table 1) 2008), whereas the mean longevity was 13.3 d for the females of F. fusca when fed the leaves of A. hypogaea and supplemental pollen from the ßowers (Sims et al. 2005) . After accounting for the preoviposition period of the adult female and a period for egg hatch, the number of progeny produced after 12 d by F. occidentalis, F. tritici, and F. fusca on P. distichum and P. notatum was much less in the no-choice laboratory experiment than would be expected based on comparison with previous studies (Table 1) . Reitz (2008) reported a mean daily fecundity at 28ЊC of 2.26 and 2.07 for the females of F. tritici and F. occidentalis, respectively. Sims et al. (2005) reported a mean daily fecundity at 23ЊC of 1.67 for the females of F. fusca. In both of the above-mentioned studies, nearly all eggs were viable, and there was little mortality of the larvae during development on these hosts. The reason that the realized or achieved number of progeny was much less than the potential undoubtedly was due to host plant characteristics of Paspalum rather than intraspeciÞc factors of the Frankliniella thrips. Paini et al. (2008) showed under laboratory conditions that intraspeciÞc competition in pepper (Capsicum) ßowers was not biologically signiÞcant for the larvae of F. occidentalis or F. tritici. Similarly, NorthÞeld et al. (2011) also noted that there was no intraspeciÞc competition for F. occidentalis caged on pepper plants under laboratory conditions.
We conclude that vegetative P. distichum is not a reproductive host for F. occidentalis, F. tritici, or F. fusca. After 12 d, survival of the adults was poor, and the number of larvae produced was very low (Table  1) . Our results also suggest that vegetative P. notatum is a very poor quality host for thrips. Adult survival on this plant host was poor for each of the three thrips species. The number of larvae produced also was poor, although there were signiÞcant interactions noted in the number of larvae produced by different thrips species on different cultivars. Overall, P. notatum was a poorer host for F. tritici than for F. occidentalis or F. fusca.
Feeding by F. occidentalis and F. fusca had a greater effect on plant biomass after 12 d than feeding by F. tritici (Table 2) . Most of the reduction in plant growth in F. occidentalis and F. fusca treatments was the effect of feeding by the adults of these species, as was evidenced by the fact that biomass was lowest in P. distichum and P. notatum Tifton 9. There were no or few larvae on these hosts. This result suggests that F. fusca and F. occidentalis found P. notatum and P. distichum acceptable feeding hosts, at least under nochoice circumstances. However, survival and performance were very poor. Overall, survival of the adults of F. tritici, F. occidentalis, and F. fusca was equally poor (Table 1) ; this suggests that feeding by the adults of F. tritici had a lower effect on plant biomass after 12 d than feeding by F. occidentalis and F. fusca. It is possible that F. tritici recognized Paspalum as unacceptable feeding hosts.
Fecundity of F. occidentalis and F. fusca has been shown to increase on plant hosts when the females are fed pollen (Hulshof et al. 2003 , Zhi et al. 2005 , Riley et al. 2007 . For this reason, the potential existed that ßowering Paspalum could be a suitable host for these Frankliniella thrips. Some adults were noted in ßow-ering P. notatum Argentine Þelds, but this did not result in the development of larval populations. Overall, our laboratory and Þeld experiments suggest that vegetative and reproductive Paspalum is a poor host for Frankliniella thrips. We do not know whether this is due to a lack of preference, performance, or a combination of a lack of preference and poor performance.
The Þeld survey (Table 3 ) revealed that C. insularis fed and reproduced on the stems and leaves of P. notatum Argentine. This species previously was reported from centipede grass, Eremochloa ophiuroides (Munro) Hack., in Georgia (Beshear 1975) . In addition, the adults and larvae of H. graminis were aggregated in the racemes. Adults and larvae of this thrips have previously been observed in the ßorets of the grasses T. aestivum and S. cereal (Buntin and Beshear 1995) .
Our combined laboratory and Þeld studies revealed that P. notatum is a poor host for reproduction of F. occidentalis, F. trtici, and F. fusca. The large plantings of this species used for cattle pasture, for residential lawns, and along roadsides in Florida and other southern states are not serving as sources of these thrips populations for invading crops or other habitat. Further, survival of the adults is poor on this host, which suggests that Þelds are poor bridges for the adults to immigrate from source habitats to suitable crops or other suitable sink habitats. This exotic grass species can be invasive, and for this and other reasons, the native P. distichum sometimes is considered a more desirable alternative. Our laboratory study indicated that the native P. distichum is an even poorer host for survival and reproduction of Frankliniella thrips than P. notatum.
